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(72) AX.HepeBauKMft. A.B.&omhh, A.B.AxMa- 
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(56) naTCHT CUIA fsfc 3191677. kji. 166-14. 
ony6/iMK. 1965. 

ABTOpCKOe CBMA6T6/1 bCTBO CCCP 

f* 1254137, K/i. E 21 B 29/10, 1982. 

(54) CflOCOB PEMOHTA OBCAflHblX K0- 

/10HH 

(57) McnoJibaoBdHMe: peMOHT ynactKOB c ona- 
raMM pa3pyuieHMfl h Ae<t>e>craMM b ciemcax o6~ 
CaAMUX KO/IOHH. CyiUMOCTb M3o6peTeHM$»: 

noA6npaiOT UM/iMHAPtmecKMA naTpy6oK pac- 
MBTHoro nepMMGTpa. A/iMHa KOTOporo 6oiibiije 



BHyTpeHHero AManeTpa 2 penoHTupyeMoro 
ysacTKa o6c3ahom ko/iohmw. a A^viHa naipy6- 
xa 60/ibtije ahhhu MHTepsa/ia noBpe*AeHHfl. 
npowaeoAflT nonepeMHyio Ae<t>opMaumo naT- 
py6xa no Bceft ahmhc ao noTepw ycToftHMBO- 
ctm. <t>nKcauwK) ero b stom nonoxceHMM. cnycx 
b CKBaxuny m ycTBHOBicy b aoHe noepexAe- 
HMA nyTeM 4>niccaTopoB. ripw stom Maiepna/i 
naTpytixa Bbi6npa»0T no Moay/iio ynpyroc™ - 
E. KOTopwM onpeAe/wiOT M3 coo™oweHwa: 

E- M P , 
(h/R) 1 * 

naTpy6ica Ha ctchkm o6caAnofl kojiohhu: h - 
TO/ui4HHa ctchkm naTpy6ica; R - paAwyc BHyT- 
peHHeA CTeHKH o6caAHoA ko/tohhw. 4 m/i. 
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l43o6peTeHue othocmtch k Texno/iorMM 6wTb Mcnom»30aaHa BucoKOKaMecTBeHnaa 33- 

peMOMTHwx pa6oT b Ke<)>feAo6uBaiomeA npo- xa/ieHHaa cTa/ib. CTexiion/iacTMx m APyrue Ma- 

MwiuneHHOCTM. a MMeHHO. k cnoco6aM /imkbm- Tepvtanu, xapaxTepM3yiomMe tcm, mto 

Abumh yMacTKoa c osaraMM pa3pyiueHnn m HanpnxeHMA. B03HMKa*omne a mux noc/ie no* 

Ae^erraMM b oeHxax o6caAHux ko/iohh. 5 repw ycroMMMBOCTM, He npeButiiaxrr npeAenoa 

Ue/ib M3o6peTeMMB - noeuiueHMe 3<i><t>ex- * TexyMecTM abhhux MaTepna/tOB. T.e. coot- 

tmbhoctm peMOHTHbix pa6oT m o6ecneMeHwe aeTCTByiOT ynpyruM Ae<t>opMauMstM stmx M3Te- 

pasHOMepHoro npMxaTMii naTpy6xa no ece« pwa/tOB. 

ero A^MKe k o6c3ahor ko/iohho npw ynpome- 3aTeM npon3BOA«T nonepeMHyx> Ae<J>op- 

hmm npouecca ycTaHOBXM naTpy6xa 3a cmct 10 Maumo naTpy6xa no Bcefi AJWHe ao noiepw 

MCXAIOMeHMSl AO n 0/1 HMTe/lbHOFO B03Ae&CTBMfl yCTOMMMBOCTM M <J)MKCauWO erO B 3TOM C0CT0- 

wa Hero. «hmm. JXn* stopo naipy6ox 1 noAaiOT na bxoa 
Ha $Mr. 1 M3o6pa*ceHo ycTpo&CTBo a/i« onpaBKM 2 npoTflmoaioiuero ycrponcTBa c 
npMBeAeniw naipy6*ca b coctoshmb noiepw npeABapMTe/ibHO.ex/iKJMeHHUM ABwraTefleM 6, 
ycTdflMMBOCTM,' Ha 4>mi\ 2 — ceMGHne A-A Ha <£mj\ 15 nepeAawmMM BpameHne Ha dojimkm 4 c no- 
li Ha $wr. 3 - ceseHwe B-B Ha <|>Mr. 1; Ha <J>mi\ / MotAbx> MexaHMnecxoro npHBOAa 5. Po/imkm 4 
4-naTpy6ox,3a<t>MKCMpoBaHHwftBcocTO»Hwvi 3axBaTbiBdiOT naTpy6o< w npoTsrviBawT ero 
norepM ycro Amm boctm . BHyrpb kohmmcckoh onpaBKM 2 ycrpoflCTBa. Ho 
YcTpoftCTBO Aft* npMBeAeHMJi naTpy6xa 1 • Mepe abhk6hhsi naTpy6xa BAOJib BHyrpeHHeM 
b cocTQAHue noiepw ycroftMM boctm - npoTarw- 20 noBepxHOCTM nocTeneHHO yBejiMMMBaeTc* pa- 
Bax>mee ycrpoAcTBo - npeAcrawiweT co6o« . " AnaiibHan Harpy3xa, AeftCTByrcmap na Hero co 
KOHHMecxyio onpaBxy 2 c <j>opMoo6pa3y»oiuMM cropOHbi onpaBKM M3-3a yMeHbweHM* ee A"a- 
CTepxHeM 3 m po/tMxaMM 4, 3axpenfleHHUMM MBTpa, 143BecTH0, sTOTOHKMeynpyrwe 060/104- 
nOA^MHe onpaexM. Po/imkm 4 CBjiaaHMCMexa- km noA AeflCTBMeM paAMa/ibHOM narpy3KM 
HMHecxMM npMBOAOM 5. BpameHMena kotopur 25 TepRiOT ycTOMMMBOCTb, nepexoAR x hobomy co- 
nepeAaeTcii ABMraTe^eM 6. Tloc^e npMBeAe- ctoahmk) paBHOBecMfl c Bbinyx/iocTbio. 
hmsi naTpy6xa b cocTonHMe noTepM ycTOMMMBO- oGpameHHOM x uempa/ibHort ocm UM/iMHApa. 
ctm npw noMOiuM AaHHoro ycTpoMCTsa oh fl/w o6ecneMeHM« nepexoaa naipyGxa b co- 
^MxcMpyeTpA b 3tom coctosihmm nocpeACTBOM cTOflHwe noTepM ycToflMuaocTM CJiy)KMT 4>op- 
<t>MxcaTopoB 7. coeAMHeHHwx MexAy co6om 3Q Moo6pa3yK)i4MM CTepxeHb 3, kotopwm 
CTepxcH amm 8. n pmboa 5 npeACTa B/i ner M3 ce- KOHueHTpMpyeT paAwa/i bHy 10 narpya xy Ha naT- 
6n 3y6MaTyx> nepeAany c oahom BeAyiuew 9 m py6ox, Tepflx>mMH ycTOMMMBOCTb. fla/ibHeM- 
AByMii BeAOMUMM uiecjepHsiMM 10, 11. BeAy- wasi npoTsuxxa naTpy6xa CBnaaHa c 
mail uiecrepHfl 9 ycraHoa/ieHa Ha buxoahom npoAO/wcaxiiuMMCfl yediiMMeHMeM paAMa/ibHOM 
Baiiy 12 ABwraTe/ifl 6; Ha sany 13 BepxHeft 35 Harpy3XM M.npMBOAMT x yBe/iMMeHHK) 8binyx/io- 
BeAOMoAuiecTepHMycTaHOBneHxpa.MHMMBep- ctm o6oaomkm naTpy6xa. noTepuBiueM ycroM- 
xhmm po/iMx 4, a Ha Ba/iy 14 HMJKHeHBeAOMOM MMBOCTb, a pe3y/ibTaTe nero pa3Mepw 
tuecTepHM xpaftHHtt kvokhmm po/iMK 4. Po/imxm naTpy6x3 6yAyr cooTBeTCTBOBdTb TpaHcnopT- 
4 (m BepxHMe, m HM>KHMe) CBflsaHHue npMBOA* hum paaMepaM Ten, cnycxaeMbix b cxaaacMHy. 
hum peMHeM 15. Po/imxm 4, ne CBA3aHHbie c 40 B M0M6HT AOCTMxeHMfl naTpy6KOM TpaHcnop- 
BajiaMM 13 m 14, Bbino/iHeHU ynpyroanacTMH- * thwx pa3Mepos oh npoTAniBaeTCA x xoHuy 
HbiMM m/im noAnpyxMHeHu b pe3yi)bTaTe nero onpaBKM 2 m Ha BbixoAe M3 Hee CTnrMBaeTcn 
ohm oTcne.xMBaKrr Ae<J>opMauMK> naTpy6xa. HecxonbXMMM (^MxcaTopaMM 7 (cm. 4>Mr. 4). xo- 
Bokobuo do/imxm 4 saKpen/ieHbr b kohmhcckom ropue xecTKO coeAMHnioT mbxay co6om CTep- 
onpaBxe 2 c B03MOXKOCTbX> BpatueHMB. Ohm 45 nchamm 8. Tbxmm o6paaoM ocymecTB/iniOT 
He noAnpyxMHeHw m ycTaHOB/ieHbi coocho k onepauMto ^mkcmpobbhma naTpy6xa 1 bcocto- 
4>opMoo6paayK>meMy CTepxHK) 3. rhmm noTepM y cto Am m boctm. 

Hoc/ie 3Toro npoM3BOA*T ycraHOBxy naT- 

Cnoco6 peMOHTa 3axAK>MaeTcn b cneAyto- py6xa b 3one noBpexAeHMn o6c3ahom xo/ioh- 

meM. 50 hu. 

BHaMa/ie ocyiuecTBnnK>T noA6op naTpy6- A/iA'9TorocnoMombK)Aep3KaTeAsi(HaHep- 

xa pacMeTHoro nepMMeTpa m ynpyrocrM. flaT- Texe ne noxa3an) naTpy6ox. 3a4>M Kcuposa h- 

Py60K 1 BUnO/1HRK)T 8 BMAe TOHKOCTeHHOrO HUM B COCTOflHMM nOTCpM yCTO MM M BOCTM, 

xpyroBoro UM/iMHApa M3 MaTepwa/ia o6/iaAaK> cnycxax)T b cxaaxMHy m ycTaHaB/)MBax>T na 
iuero c bo Act bom ynpyrocTM. npMMeM nepn- 55 ypoane yMacTxa nospexAeHMn o6caAHOM ko- 

mctp UM/iMHApa 6onbuie BHy TpeH Hero /iohhu. CTflrMBaiomMe naTpy6ox 1 4>MxcaTopu 

nepMMeTpa peMOHTMpyeMOR o6caAHOM ko/ioh- 7*chmm3K)t, nepeMeiqaA BBepx coeAUHswmMe 

hu, a AnMHa - 6o/ibiue MHTepaa/ta nospexAe- mx CTepxHM 8, mto npMBOAWT x chatmk) paAM- 

hma o6caAHOM ko/iohhu. B xaMecTBe a/ibHOM HarpysKM, A^MCTByK)tAeM Ha naTpy6oK. 

MaTepna/ia M3roTOB/ieHns naTpy6xa Mo xej np A AeftCTBMeM ycM/iMii b o6onoMxe, noTepRB- 
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ujeflycTOMMWBOCTb, naipyOoK 1 B03opamaeTcsi 
b ncxoAHoe paeHOBecHoe cocTOflHue. 

B CM/iy Toro. mto mcxoahwm BHewHMM am- 
aMerp naTpy6Ka Hecxo/ibxo Go/ibuie BHyTpeH- 
Hero AwaMeipa o6c3AHOw koaohh w. naTpy6oK 5 
rwiOTHO m pasHOMepHO npuxMMaeTca x o6caA- 
ho* KonoMHe. nepexpuB ynaCTOx noBpexAe- 
Hiin. 

Eu/im npoeeAeHu /ia6opdTopHbie Mcnbrra- 
hm cnocoGa peMOHTa o6caAHwx ko/u>hh Ha 10 
MOAe^H o6caA«oft ko/iohhu c ue/ibio npo- 
BepKH cro pa6oTOcnoco6HOCTM. MoAe/ib 06- 
caAHOfl KO/ioHHbi npeACTaB/i«eT co6oA 
ro/icTOCTCHHyio Tpy6y c BHyrpeHHMM AwaMeT- 
pom 80 mm, napaMeTpoM 251,2 mm m AfiMHo'A 15 

500 MM* 

naTpy6oK BbtnonneH H3 CTeioionnacTMKa b 

BMA6 TOHKOCTCHHOrO KpyrOBOID llMllMHApa. 

romUMHa creHKM KOToporo 0,3 mm. a neptiMeTp 
251.6 mm. 20 

B KaMecrBe npomrnBaiotuero ycrpoftCTBa 
McnoAb30Ba/iacb xoHimecxafi onpaeKa co 
bxoahum AwaMeTpoM 100 mm, bsixoahwm - 70 

MM. AflMHOfl 600 MM C OA HUM <|>OpM006pa3yK)- 

tUMM <rrepx<HeM BAp/ib BHyTpeHHeft nosepxHO- 25 
ctm onpasKM. OpoTflxxa ocymecTBiiH/iacb 
AaB/ieHweMHa Topeu naTpy6Ka. Ha BbixoAe M3 
npcrrnrviBatouiero ycrpofcCTBa naTpy6ox MMen 
AMaMBTp 70 mm, npHMeM 4>opMOo6pa3yioiuMM 
CTepx<eHb yxe He xacancji BMBepHyrofi 060- 
aomkh narpy6ica. m b tbkom nonoxeHww narpy- 30 
6ok Gua noc/ieAOBaTe/ibHO craHyT AByMfl 

$MKCaTOpdMM, CO^MHeHHUMM MeKAy CO50R 

AByMfl craiibHUMM crepxHflMM. 

3aT6M naTpy6ox 6u/r cnymeH b MOAenb 
o6caAHOft ko/iohhu ao ypoBHfi 30hw noapex- 35 
AeHMA o6caAHOH KonoHHbi c nOMOtijbio Aepxa- 
Te/ifl. nonepeMHbie paaMepw KOToporo He 
npeBbiuia/iM 70 mm. 3aTeM cmriiBaioiuMe <1>mk- 
c3Topu CABiiranti k BepxHeMy Topuy naTpy6Ka 
aa CMBT yew/tun, nepeAasaeMoro Mepe3 CTepx- 40 

HM. 

B MOMeHT CHflTMA noc/ieAHero <t>mccaTopa 
cbo6oahu& natpy60K no/iHOCTbio BOCCTaHo- 



BM/i cbok) <t>opMy. npwxaBiiJMCb k BHyipeHHCH 
CTenxe o5caAHOft ko/iohhw m nepeicpwe 30Hy 
noepexAQHHfl. 

AnanorMMHyM o6pa30M 6w/w npoeeAeHu 
McnuTaHKin e yc/ioewax no/iHoro 3ano/iHeHMR 
MOAe/in o5caA«OM ko/iohhw boaom. 

/1a6opaTopHue ash h we noATBepAw/iw pa- 
6oTOcnoco6nocTb AaHHoro cnoco6a penoHTa 
o6caAHUx ko/iohh. naTpy6oK no/inocTbX). 6e3 
no b pexAe h uft w ckjisaok bocctshobm/i cbokj 
4>opMy m hjiotho o5/iera/i BHyrpeHHWw CTeHKy 

06C3AH0M KOAOHHbl, M30/IMpyjI 30Hy nOBpeX- 

AeHM«. 

O o p m y A 3 M 3 o 6 p e re H M » 
Cnoco6 peMOHTa o6caAHux ko/iohh, 
Bx/uosaiouiiifl hoaGqp naTpy6xa pacneTHoro 
nepwMeTpa, nonepeMHyio Ae<J>opMauwK) naT- 
py6xa no Bcert a^mhb. cnycx ero b CKaaxviHy m 
ycTaHOBxy e 30He noapexAeHHn, o t a m m a »- 

UJ H ft C 51 TeM. MTO, C UeflbK) nOBblllieHMfl 

3<jxj)eKTMBHocTM peMOHTHbtx pa6oT m 'o'Becne* 
HeHMR paBHOMepnoro nptixaTMsi naTpy6xa no 
Been ero nrwine k o6c3aho& xo/iOHHe npti oa~ 
HOBpeMeHHOM ynpotueHMH npouecca ycTa- 
hobkm naTpy6xa 3a chot iiCK/noHeHMR 
Aono/iHirreAbHoro B03AeftCTBM« Ha Hero, Ma- 
Tepwa/i naTpy6Ka Bu6MpaiOT no MOAyiio ynpy- 
rocTM E. npimeM nocneAHMft onpeAe/isitoT W3 

COOTHOUJeHMfl 

E ^ 1.4 P 
(h/R) 1vfe % 

tab P - KOHTaxTHoe AaBAeHwe naTpy6xa Ha 

CTBHKM 06C3AHOH KO/IOHHbi; 

h- TOAiuMHa CTenxM naTpy6Ka: 

R - paAnyc BHyTpeHHeft noBepxhocTH o5- 

C3AH0H KO/IOHHbl, 

a nonepeHHyw Ae<|>opMauiiW j aa.Tpy6Ka no 
Bce^ AnwHe ocymecTB/ifliOT AO notepw ycTOii- 

MM BOCTH , 33Te M erO 4>MKCHpyK>T B 3TOM cocto- 

rhmh m noc/id cnycKa b 30Hy noBpexaeHMfl 

<J)MKC3T0PU CHMMaiOT. V 
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than the inside diameter [sic: last clause 
should be either perimeter... perimeter or 
diameter ... diameter] 2 of the section of 
casing to be repaired, while the length of 
the sleeve is greater than the length of 
the damaged interval. Transverse strain 
is produced in the sleeve along the entire 
length until it buckles (loss of stability), 
it is locked in this position, lowered into 
the well, and placed in the damage zone 
by means of locking devices. In this case, 
the sleeve material is selected according 
to elasticity modulus E, which is 
determined from the relation: E = 
1 AP/QrfR) 1 1/5 , where P is the contact 
pressure of the sleeve on the casing wall; 
h is the wall thickness of the sleeve; R is 
the radius of the inside wall of the 
casing. 4 drawings. 



[Figure 1 spans columns 1 and 2, under header] 

[see Russian original for figure] 
A B 
A B 
Fig. 1 

[vertically along right margin] 
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The invention relates to technology for repair operations in the oil production 
industry, and specifically to methods for repairing sections with localized failure and defects 
in the casing walls. 

The aim of the invention is to improve the efficiency of repair operations and to 
ensure that the sleeve is uniformly squeezed against the casing along its entire length, with 
simplification of the process of setting the sleeve by eliminating additional operations on it. 

Fig. 1 depicts the device for buckling the sleeve; Fig. 2 shows the A-A cross section 
in Fig. 1 ; Fig. 3 shows the B-B cross section in Fig. 1; Fig. 4 depicts the sleeve locked in the 
buckled condition. 

The device for buckling sleeve 1 (a drawing device) is a conical mandrel 2 with 
shaping bar 3 and rollers 4, attached along the length of the mandrel. Rollers 4 are connected 
to mechanical drive 5, which is rotated by motor 6. After the sleeve is buckled with the help 
of this device, it is locked in this condition by means of locking devices 7, interconnected by 
rods 8. Drive 5 is a gear drive with one drive gear 9 and two follower gears 10, 11. Drive 
gear 9 is mounted on output shaft 12 of motor 6; upper outside roller 4 is mounted on shaft 
13 of the upper follower gear, while lower outside roller 4 is mounted on shaft 14 of the 
lower follower gear. Rollers 4 (both upper and lower) are connected by drive belt 15. 
Rollers 4 that are not connected with shafts 13 and 14 are implemented as elastoplastic or 
spring-loaded, and consequently they track the deformation of the sleeve. The side rollers 4 
are attached to conical mandrel 2 so that they can rotate. They are not spring-loaded and are 
mounted co-axially with shaping bar 3. 

The repair method involves the following. 

First, a sleeve of the calculated perimeter and elasticity is selected. Sleeve 1 is 
implemented as a thin-walled circular cylinder made from material having the property of 
elasticity, where the perimeter of the cylinder is greater than the inside perimeter of the casing 
to be repaired while the length is greater than the damaged interval of casing. The material 
used for fabricating the sleeve may be 
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high-quality quenched steel, fiberglass-reinforced plastic, and other materials characterized 
by the fact that the stresses arising in them after buckling do not exceed the yield stresses for 
the given materials, i.e., they correspond to elastic deformations of these materials. 

Then transverse strain is produced in the sleeve over the entire length until it buckles, 
and it is locked in this condition. For this purpose, sleeve 1 is fed into the opening of 
mandrel 2 of the drawing device after first turning on motor 6, which rotates rollers 4 with 
the help of mechanical drive 5. Rollers 4 grip the sleeve and pull it into conical mandrel 2 of 
the device. As the sleeve moves along the inside surface, there is a gradual increase in the 
radial load acting on the sleeve on the mandrel side due to the decrease in its diameter. We 
know that thin elastic shells buckle (lose stability) under the action of a radial load, going to a 
new equilibrium state with bulging turned toward the central axis of the cylinder. Shaping 
bar 3 serves to ensure buckling of the sleeve, concentrating the radial load on the buckling 
sleeve. Further pulling of the sleeve is associated with continuing increase in the radial load 
and leads to an increase in the bulging of the shell of the buckled sleeve, as a result of which 
the sleeve dimensions will correspond to the run-in dimensions of bodies lowered into the 
well. At the moment the sleeve reaches the run-in dimensions, it is pulled toward the end of 
mandrel 2, and at the exit from the mandrel it is clamped by several locking devices 7 (see 
Fig. 4) which are rigidly interconnected by rods 8. The operation of locking sleeve 1 in the 
buckled condition is accomplished thereby. 

After this, the sleeve is placed in the damage zone of the casing. 

For this purpose, with the help of a holder (not shown in the drawing), the sleeve, 
locked in the buckled condition, is lowered into the well and placed at the level of the 
damaged section of the casing. The locking devices 7 clamping sleeve 1 are released by 
means of upward displacement of rods 8 connecting them, which results in removal of the 
radial load acting on the sleeve. Under the action of the stresses in the buckled shell, 
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sleeve 1 returns to the original equilibrium state. 

Because the original outside diameter of the sleeve is slightly greater than the inside 
diameter of the casing, [sic: the latter should be a clause of the next sentence, not an 
independent sentence] The sleeve is tightly and uniformly squeezed against the casing, 
sealing off the damaged section. 

Laboratory tests of the method for casing repair were conducted on a model of a 
casing in order to verify its feasibility. The model of a casing is a thin-walled tube with 
inside diameter 80 mm, parameter [sic: parameter should be perimeter] 251.2 mm, and length 
500 mm. 

The sleeve is made from fiberglass-reinforced plastic in the form of a thin- walled 
circular cylinder with wall thickness 0.3 mm and perimeter 251 .6 mm. 

As the drawing device, we used a conical mandrel with entry diameter 100 mm, exit 
diameter 70 mm, length 600 mm and with one shaping bar along the inside surface of the 
mandrel. Pulling was accomplished by pressure on the end of the sleeve. At the exit from 
the drawing device, the sleeve had a diameter of 70 mm, where the shaping bar no longer 
touched the twisted shell of the sleeve, and in such a position the sleeve was successively 
clamped by two locking devices interconnected by two steel rods. 

Then the sleeve was lowered into the model of a casing, down to the level of the 
casing damage zone, using a holder with transverse dimensions no greater than 70 mm. Then 
the clamping locking devices were shifted toward the upper end of the sleeve as a result of 
the force transmitted through the rods. 

At the moment when the last locking device was released, the free sleeve completely 
recovered 
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its shape and was squeezed against the inside wall of the casing, sealing off the damage zone. 

Tests were similarly conducted under conditions when the model of a casing was 
completely filled with water. 

Laboratory data confirmed the feasibility of this method for casing repair. The 
sleeve, without damage or crumpling, completely recovered its shape and fit tightly against 
the inside wall of the casing, isolating the damage zone. 

Claim 

A method for casing repair, including selection of a sleeve of the calculated perimeter, 
transverse strain of the sleeve along the entire length, its lowering into the well and 
placement in the damage zone, distinguished by the fact that, with the aim of improving the 
efficiency of repair operations and ensuring that the sleeve squeezes uniformly against the 
casing along its entire length while at the same time simplifying the process of placing the 
sleeve by eliminating additional operations on it, the sleeve material is selected according to 
the elasticity modulus E, where the latter is determined from the relation 

E >1.4P/(h/R) 11/5 

where P is the contact pressure of the sleeve on the casing wall; 

h is the wall thickness of the sleeve; 

R is the radius of the inside surface of the casing, 
and transverse strain of the sleeve along its entire length is accomplished until it buckles 
(loses stability), then it is locked in this condition and the locking devices are released after it 
is lowered to the damage zone. 
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[see source for Figures 2, 3 and 4] 
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